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Abstract 
Rubber sleeve is sealing component of underground packers, the rubber will occur corrosion or failure under the acid 
medium environment, which causes gas leak and leads to the security problems of wellbore. In the paper, corrosion 
testing was carried out to AFLAS rubber using HTHP autoclave in the harsh environment with the pressure 60MPa, 
temperature 175℃, test period 7 days and the compositions of the gas phase are 20vol% H2S, 5vol% CO2, 75vol% 
CH4. Comparing and analyzing the changes of properties in gas and liquid phase before and after testing, such as 
quality, volume, tensile properties, hardness, permanent deformation, etc. The experimental results show that AFLAS 
rubber in gas and liquid phase has no dissolution phenomenon; moreover, tensile properties were weakened, hardness 
decreased and permanent deformation increased. While bubbling of AFLAS rubber in gas phase was more serious 
than in liquid phase, the swelling was on the contrary. Although AFLAS rubber is a good kind of anti-acid medium 
rubber, its mechanical properties is weakened in harsh environment. Therefore, in order to improve the effective seal 
life of packers in corroded environment, the corrosion influence on packer rubber should be considered when it is 
designed and used in high sour gas fields. 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
 
Keywords: sour gas field; rubber; AFLAS; corrosion; mechanical properties 
                                                           * Zeng Dezhi. Tel.:(028)83032901. 
E-mail address: zengdezhiswpu@163.com. 
Available online at www.sciencedirect.com
© 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of International Materials Science Society.
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
Dezhi Zeng et al. / Energy Procedia 16 (2012) 822 – 827 823 Zeng Dezhi et.al./ Energy Procedia 00 (2011) 000–000 
1. Introduction 
Packers were widely used in various production processes of oil and gas exploration and development 
[1], especially in high corrosive medium wells, which made its secure service life increased significantly. 
The quality of sealing performance mainly depends on corrosion resistance property of the packer rubber. 
In the condition of high temperature, high pressure, high H2S and CO2, corrosion failure of packer rubbers 
mainly include swelling and aging of rubber materials, which lead to the flexibility contact stress released 
between packer rubber and casing. So that the corrosive medium flows into casing annulus, in high 
pressure gas well it presents sustained casing pressure [2-3]. AFLAS rubber has many advantages, such as 
heat-resistance, oil-resistance, corrosion-resistance, etc [4]. In recent years the application of packer 
rubber is increasingly concerned by people. Therefore, through studying the corrosion behaviors of 
AFLAS rubber o-rings, dumbbell sample and cylinder compression permanent deformation sample in 
high acid medium to deeply research various mechanical properties of AFLAS rubber after soaking in 
acid medium, which can provide theoretical references for the design of packer rubber and material 
selection in the condition of the high temperature and high pressure with high gas acid medium to 
improve the effective seal life of packers in corroded environment.  
2. Experimental method 
2.1. Test material 
Test materials were O-ring, dumbbell-shaped specimen and cylindrical permanent deformation 
specimen of AFLAS rubber. The size of O-ring was Φ47.2×3.6mm, and the size of dumbbell-shaped 
specimen and cylindrical permanent deformation specimen was made according to standard GB/T 528-
1998[5] and standard GB/T 7759-1998[6]. 6 parallel specimens were prepared for each sample, as shown 
in Fig. 1. 
 
                  
(a)                                                                                                    (b) 
Fig.1. (a) Initial state samples in liquid phase; (b) Initial state samples in gas phase 
2.2. Test method 
For simulated condition of high sour gas field at ultra-deep well bottom hole, the test conditions were: 
the pressure was 60MPa, temperature 175℃, test period 7 days, the compositions of the gas phase 
20vol% H2S、5vol% CO2、75vol% CH4. The composition in liquid phase was the same as that in the gas 
phase, and the concentration of Cl- was 6217mg/L. The instrument used was HTHP dynamic autoclave 
824  Dezhi Zeng et al. / Energy Procedia 16 (2012) 822 – 827 Zeng Dezhi et.al./ Energy Procedia 00 (2011) 000–000  
which was independent designed and constructed by the State key laboratory of oil & gas reservoir 
geology and exploitation (Southwest Petroleum University). 
Test procedures:  
• Before corrosion test, the size, mass, volume, tensile properties, shore hardness and compression set of 
three samples (6 specimens) in initial state were measured according to relevant standards.  
• 3 specimens (marked every one) were separately put into gas phase and liquid phase. Configured 
solution based on table 1 was poured into autoclave. And then make the autoclave seal. 
• Nitrogen gas was pumped to goad oxygen for 2h. The autoclave was heated to test temperature and 
filled with H2S, CO2, CH4 in turn followed with the medium proportion. At last, the pressure in 
autoclave was pressurized to test required value keeping 7 days. 
• After the test, relief the pressure and temperature, remove the specimens and observe their morphology 
after corrosion, then measure the size, mass, volume, tensile properties, shore hardness and 
compression set. Rate of mass and volume change in air were calculated. 
3. Results and analysis 
3.1. Rate of mass and volume change in air 
For measuring the mass and volume of three samples, the A method in GB/T533-2008[7] was used. 
Fig. 2 shows the rate of mass and volume change in air. 
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  (a)                                                                                 (b) 
Fig.2. (a) Rate of mass change histogram in air after gas and liquid corrosion; (b) Rate of volume change histogram in air after gas 
and liquid corrosion 
As can be seen from Fig.2, the measured results of three samples are different. Generally speaking, the 
rate of mass and volume have a greater change after liquid corrosion than gas corrosion. 
3.2. Tensile properties test results 
The tensile mechanical properties of O-ring, dumbbell-shaped specimen were measured according to 
standard GB/T 528-1998. The elongation at break and tensile strength are, respectively, shown in Fig. 3 
(a) and Fig. 3 (b). 
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  (a)                                                                            (b) 
Fig.3. Tensile properties histogram for O-ring and dumbbell-shaped specimen of initial state, corroded in gas phase and in liquid 
phase: (a) Elongation at break; (b) Tensile strength 
3.3. Shore hardness test results 
Shore hardness test of compression specimen was based of standard GB/T 2411-2008[8]. Avoiding the 
bubble point to test, the results are shown in Fig. 4. 
As shown in Fig. 4, the hardness of corroded specimens decreases slightly. Although it reduced more 
after gas phase corrosion, there is only 0.8HA. Visible, corrosion has little influence on sample’s hardness. 
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Fig.4. Shore hardness histogram of dumbbell-shaped specimen 
3.4. Compression properties test results 
Standard GB/T7759-1996 was used to guide the test of compression set. The test result is shown as Fig. 
5. 
As can be seen from figure 5, the compression set increases after corrosion, which in gas phase is more 
than in liquid phase. The compression set after gas corrosion is increased by 60.87% from 35.93% to 
60.87%. It increased from35.93% from 68.75%, amounting to 90.8%. It is explained that the elastic 
properties reduce remarkable. Therefore, the effect of corrosion on compression set should be considered 
when field application. 
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Fig.5. Compression set histogram of compression specimen 
3.5. Corrosion morphology analysis 
After gas corrosion and liquid corrosion, compression specimens’ morphology is shown in Fig. 6. 
 
              
(a)                                                                                              (b) 
Fig.6. Corrosion evaluation results of specimens: (a) in gas liquid phase; (b) in liquid phase 
As show in Fig. 6, there is no dissolution but bubbling and swelling on specimens. It is apparent in Fig. 
6 that the phenomenon after gas corrosion is like liquid corrosion which is no dissolution but bubbling 
and swelling. The bubbling in gas phase is much more serious than in liquid phase, but swelling on the 
contrary. 
4. Conclusions 
z In the harsh environment with pressure 60MPa, temperature 175℃, 20vol% H2S, 5vol% CO2, 
75vol% CH4, AFLAS rubber in gas and liquid phase did not present dissolution phenomenon, 
tensile properties  were weakened, hardness decreased, permanent deformation increased. While 
bubbling of AFLUS rubber in gas phase was more serious than in liquid phase, the swelling was 
on the contrary. 
z Although AFLAS rubber is a good kind of anti-acid medium rubbers, its mechanical properties is 
weakening. Therefore, in order to improve the effective seal life of packers in corroded 
environment, the corrosion influence on packer rubber should be considered when it is designed 
and used in high sour gas field. 
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